Abstract. Today's challenges towards a sustainable energy development in most European nations are crucial and highly complicated. We find the need to choose between several technologies generation, whose task is very laborious. Multiple factors that affect the success of a Renewable Energy (RE) project must be analyzed and taken into account. The evaluation and comparison of possible technologies generation is a multicriteria decision problem because not only economic aspects must be considered but also technical, environmental and social aspects. This paper presents the case for selecting the optimal technology for electricity generation of 5 MW for a region located in the southeast of Spain. As most of the real-world multicriteria decision-making (MCDM) problems contain a mixture of quantitative and qualitative criteria; therefore discrete MCDM methods are inadequate for handling this type of decision problems.
Introduction
Access to electricity is essential for economic development of society and progress, determining the level and quality of life of individuals. In short, any approach to energy strategy revolves around three simultaneous satisfactions of requirements: security of supply, environmental sustainability, reducing emissions of greenhouse gases and economic efficiency ensure their generation at the lowest possible cost. In the case of Spain, these aims are conditioned by the specific circumstances of the energy market. In particular, the electricity generation sector in Spain is faced with the challenge of solving the following problems: high energy intensity, high energy dependence of the generating overcapacity, complexity in the operation of the park, electricity prices, commitments reduction of greenhouse gases. And forced by the various European directives, Spain has had to adapt their regulations, publishing in particular the: PAE's (Plan de Acción y Eficiencia), and -PER's (Plan Energía Renovables). Forced by the implementation of the PER, in Spain's electricity production it increased strongly due to the RE. The extended presence of the forms of generation based on RE have caused a change in the way of managing the electricity system, defining a new situation referred to broadly as distribution generation (DG). In recent years the presence of DG systems in the Spanish energy mix is increasing significantly. However, the selection process of these power generation technologies in a given environment is not a simple and easy resolution process, as it depends on factors of diverse nature among them: power infrastructure, energy supply, maturity technology,... Given the large number of factor involved in their selection, the choice is not so obvious, the use of a MCDM is necessary. The scope of this paper is part of the process of deciding the most appropriate technology. The method proposed will be similar to AHP Fuzzy.
Evaluation Criteria
The evaluation criteria represent the indexes, which enable alternatives to be compared from a specific point of view. Therefore, the selection of criteria is of prime importance in the resolution of any selection problem, meaning, that it is vital to identify a coherent family of criteria and not just any set of criteria [1] . The selection of an optimal technology for electricity generation has often been based on a single criterion: economic or technological criterion. However, many more aspects have to be considered such as social and environmental [2] . To be efficiently assessed, the criteria must be decomposed into sub-criteria that contain all the aspects to consider [3] Figure 1 shows a hierarchical structure of a distributed generation technology. The proposed criteria and sub-criteria are explained in detail in the following sections. The environmental criteria take into account two aspect: air pollution and land requirements. From the standpoint of air pollution the technology have to be assessed with respect to their emissions of the following gases: NO x , CO and CO 2 emission which is the most prominent greenhouse gas in earth's atmosphere. With respect to land requirements, it represents one of the most critical factors for the intervention site, especially where the human activities are relevant factors of environmental pressure.
B. Social criteria
The construction and operation of a plan affect the general society. The impact on the community is presented in different aspects such as noise, people's perceptions or social acceptance, and labour impact. The different technologies generate more o less noise. The proximity of these plants to people transforms the noise into a potential disadvantage. With respect to the social acceptance, the criterion enhances consensus among social partners. Finally the labour impact, it takes into account the direct and indirect employment and the possible indirect creation of new professional figures are also assessed [1] .
C. Technical criteria
The operational characteristic of the generation technologies used in distributed generation are important aspects to be considered in the selection of a distributed generation technology. From among the technical parameters, two parameters are significantly important: resource availability, this criterion includes primary energy consumption and efficiency. Other criterion, which must be considered, related to the performance characteristics, is the regulation technology which represents the flexibility of control. 
D. Economic criteria
Two aspects in economic matter are important to consider: cost and finance. The investment cost that include both purchase and installation cost is a critical evaluation parameter. Not only investments costs are important but also operation and maintenance costs. Therefore, another criterion must be the total annual cost that includes the operation and maintenance costs. Finance criteria denote the potential to earn or save money. An important criterion to analyse the profitability of an investment is the investment recovery period. Another criterion is the net present value that represents economic return of the project along its life time.
Proposed Multi-criteria Decision-Making Model
In this paper, the MCDM problem will be resolved using the following steps:
A. Identify decision criteria.
Almost all of the decision-making problems are MCDM problems. In most cases, the number of criteria is large and then it is necessary to classify them. Following [4] the selected criteria can be structured in a hierarchical manner. More general criteria can be linked with more specific criteria to build the hierarchy. The elements of a given level are mutually independent, but comparable to the elements of the same level and group. The analysis is complete when criteria are specific enough for assessing the alternatives - Figure 1 -.
B. Determine the sets of linguistic scales and corresponding fuzzy numbers.
Frequently, it may be extremely difficult to assess the relative importance of criteria pair-wise comparisons or the performance of one alternative on some criteria due to the great uncertainty involved. In these circumstances, DM prefers a linguistic assessment instead of an exact value. One of the key points in fuzzy modelling is to assign the membership functions corresponding to fuzzy numbers that represent vague concepts and imprecise terms expressed often in a natural language. For the sake of simplicity the triangular fuzzy number is used. 
Based on Chen's [5] research study about a numerical approximation system focused on systematically converted linguistic terms to their corresponding fuzzy numbers, the linguistic terms used in this paper are shown in Table I . Depending on the linguistic terms used by the expert, the expert will be assigned a scale. The lower scale granularity will be assigned to each expert, such that the same linguistic term depending on the scale, will have associate a different membership functions -Table II-.
C. Pair-wise compare decision criteria.
DM is required to provide their opinion of the relative importance for every criteria pair of the same level and group in the hierarchy structure. These linguistic measures are converted into fuzzy members using Table II.   Table II It is obvious that a minimum consistency is required, and we have chosen wake transitivity concept as the consistency border that expert opinions have to respect.
D. Estimate weight of the experts.
The quality of the judgments of experts is not equal, and evens the level of criteria and sub-criteria the experts have not a linear behavior in their opinions. So it is necessary to calculate a weight for each expert on the criterion and subcriteria. We used two parameters.
1) Measure of the vagueness of the scale used for the expert:
There are various parameters that could be used to measure the vagueness of the linguistic terms. The specificity was used for giving a range of values more, and therefore the distinguishability between scales is greater, the equation used would be [6] . k esp defined the vagueness, whose value depending on the chosen scale, is shown in table III. 
Normalizing the distance values will get the k cons The weight of the experts will be calculated using the following equation:
The weights of the expert will be obtained normalizing the values k e , such that, the sum of the weights is unity.
E. Aggregation of the experts' opinions.
The current literature contains several strategies for extending multiattribute decision methods to group settings, in order to obtain solutions that reflect the collective vision of a problem. Three different strategies are [8] . We used Aggregation of individual evaluations (AIE), the experts are supposed to evaluate each alternative by forming fuzzy or linguistic estimates. Afterward, the estimates provided by each expert for each alternative, and taking into account each criterion, are aggregated into some collective estimates.
F. Estimate weight of criteria.
With the hierarchical weighting method, a criterion is associated with a local weight and a global weight. The local weight of a criterion is referred to the weight relative to other criteria at the same group and level, which is to be assessed using the pair-wise comparison process. The global weight of a criterion is referred to the weight relative to all other criteria for the overall objective of the decision problem [9] .
1) Estimate the local weights of criteria:
This problem is solved using classical methods of weighting criteria calculation adapted to operate with triangular fuzzy numbers. By the reciprocal property of preference relation matrix, the following equation has to be satisfied to get of υ' ij with the strongest transitivity restriction between pair-wise comparisons [10] 
Where i and j are criteria of group g and level l, and ⊕ and Θ represent fuzzy addition and subtraction. Due to the fuzziness of the opinions and the wake transitivity restriction considered, we could not find an accurate solution for this problem. ω i could be calculated by minimization of the distance between υ ij obtained directly from the experts and the value υ' ij , [9] 
G. Define and normalize the judgment matrix.
The evaluation criteria have their own characteristic and each data of criteria has its own dimension and distribution; it makes comparison difficult. As result, the original data evaluation criteria should be dimensionless and unit-free by normalization method [9] . As G ij is a benefit items,
As G ij is a cost item,
H. Calculate value of performance of each alternative.
The more common aggregation operator, generally used to obtain the global performance of each alternative is the weighted sum of criteria values:
I. Defuzzificate fuzzy utility values
Defuzzification is an important procedure for rating alternatives. Producing a crisp number that represents the membership function ω(A i ). The method used is centroid
where i is the number of alternatives.
Case Study
The proposed problem consists on the selection of the optimal technology for electricity generation of 5 MW in the northwest of the city of Murcia. The total area available for installation is 400000 m 2 , near the city
A. Formulation of alternatives
After preliminary screening, the group of experts proposed six alternatives to be evaluated - Figure 1-. 
B. Comparison criteria pair-wise
Linguistic rating set defined in Table I is employed to establish the relative importance for every criteria pair. These linguistic measures are converted into fuzzy numbers according to Table II . Table IV summarizes the pair-wise comparison for the first group for three experts. Table IV . Medium value of the distances
C. Estimation of expert weights in each one of the five groups
In our case, scales used for the expert is the same, all experts have worked with the sixth scale, as shown in Table III the specificity's value corresponds to 0,9 
Applying equation (3), and normalization of the values obtained, we have the expert's weights -Table VI- 
D. Aggregation of judgments of the experts
From the opinions obtains the pair-wise comparison for all levels (G1 to G5) for three experts, using the expert's weight for each criterion - Table VI-, we obtain 
E. Estimation of the local weights of criteria and the global weights of criteria
The local (ω i ) and global (W i ). weights are shown in Table  VII . The local weight is calculated by difference minimization method, using (5) and (6) and the global weight of each criterion is calculated using (7).
F. Definition of judgment matrix
Each criterion has its own dimension and distribution, in some cases an exact value is possible to define the performance of an alternative on a criterion and in other cases only a linguistic value is adequate. In this last case, the linguistic scale defines in Table VIII and the corresponding fuzzy numbers are used to assess the performance of the alternatives on each criterion. The judgment matrix is shown in Table IX . To operate with these values, the data normalization is necessary - Table IX 
G. Results
Once the global weights of criteria have been calculated and the performance of each alternative on each criterion has been assessed and normalized, the fuzzy preference value of each alternative, ω(A i ), is calculated by using (10) . The fuzzy number associated with the global performance of each proposed alternative must be converted into a crisp preference value R(A i ) to ranking the alternatives by using (11). All these values are shown in Table X . 
Conclusion
This study develops a scientific framework for selecting the optimal technology for electricity generation of 5 MW in the northwest of the city of Murcia. The characteristics of the proposed decision-making problem are: (a) a finite number of comparable alternatives; (b) multiple criteria for evaluation alternatives; (c) noncommensurable units for measuring the performance rating of the alternatives on some criterion and (d) several expert defined their judge. Therefore, classical MCDM methodologies are inadequate to apply in this type of MCDM problems. To handle with uncertainty of information and vagueness of judgments and large number of criteria, a MCDM methodology based on structure hierarchical and fuzzy sets theory has been proposed. Compared with other available methods, the advantages of the proposed method can be summarized: (a) a hierarchical structure of criteria is generated to facilitate the process for assessing the weights of criteria, (b) the comparative judgment of pair-wise criteria are expressed in linguistic term, (c) depending on linguistic term used for the expert is defined an expert's scale, (d) the performance value of each alternative on each criterion is defined in exact numerical values or in linguistic terms if the criterion is quantitative or qualitative, respectively, (e) depending on the scale and the judgments of experts, expert weight was obtained for each group of criteria, (f) the implemented algorithm that operate with triangular fuzzy number does not require cumbersome computations. However, the method is mainly limited by the quality of the information given by the experts and it depends on the consistency concept. The wake transitivity concept has been chosen as the consistency border. The proposed method provides a systematic framework for selecting the optimal technology for electricity generation in a fuzzy environment that can be easily extended to the analysis of other decision problems in energy area. This method represents an improvement over other previous works especially on the following aspects: (1) the development of a model to distinguish experts' competence, because different experts have different impacts on the final decision, (2) the selection of fuzzy numbers which represents the meaning of evaluation verbal term, defining six scales according to the linguistic terms used associated with fuzzy numbers.
